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HIGH VELOCITY PRESSURE COMBUSTION SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] The present application claims the benefit of 35 U.S.C. 119(e) of U.S. provisional 
application Serial No. 60/455,383, filed March 17, 2003 and entitled Pressure Combustion System, 
hereby incorporated herein by reference in its entirety. 
BACKGROUND OF THE INVENTION 

[0002] The present invention relates to apparatus and methods for heating and more 
particularly to systems utlizing high pressure combustion air and high velocity flue gas and still 
more particularly to a combustion system for boilers producing low NOX and CO in the stack 
emissions. 

[0003] Heat exchangers function to remove or add heat from one fluid to another. A 
common heat exchanger used in industrial applications involves a plurality of parallel tubes with 
one fluid flowing through the tubes and another fluid flowing across the tubes thereby exchanging 
heat. Such an exchanger is preferably constructed such that the two fluids are not allowed to mix 
and that the heat from one fluid is transferred to the other fluid through the walls of the tubes. This 
type of exchanger is often employed in industrial boilers. In a boiler, a burner combusts a mixture 
of air and gas to create hot flue gases. These hot gases pass through the boiler and across the tubes, 
sometimes called water tubes. Heat is transferred from the hot flue gasses across the tube walls 
and into the fluid that is being heated, usually water (water tube boilers) or some type of crude oil 
or derivates thereof (petro-chemical boilers). The hot flue gases pass through the exhaust stack and 
are emitted into the atmosphere. 

[0004] Various types of burners are used with boilers. Atmospheric burners may 
be used but provide the poorest control of the flame, allow only incomplete and uneven 
combustion of hydrocarbon fuel, normally gas, and also provide poor heat transfer through the tube 
walls. The deficiencies in transferring heat through the tube walls of water or petro-chemical 
boilers, is always on the gas side of the tube walls over which the hot flue gases flow. 

[0005] Stack draft is a problem for a process heat vessel of any kind or description. 
It causes all sorts of problems from incomplete complete combustion, uneven heat transfers, to a 
reduction of draft when the units are trying to increase heat input. 



[0006] Also atmospheric burners and all long flame forced draft (blower air) 
burners have to have a stack draft to function. Stack drafts draw in air, flame and combustion 
gases through the boilers on a path of least resistance which results in a wide variation of heat 
transfer through the tube walls. Normally these stack drafts are in the -3" to 4" water column 
(w.c.) range, i.e., negative pressure caused by a negative partial vacuum. 

[0007] The controls for prior art burners are located at the inlet side of the burner 
and are subject to stack draft-negative pressure. 

[0008] Prior art boilers and petro-chemical heaters also have the problem of soot 
(coke) build-up on the insulation walls around the tubes. All of the petro-chemical units have 
excessive tube warpage caused by uneven heat and hot spots. This coking, warpage, uneven heat 
distribution and hot spots also cause internal problems on the fluid side of the tube wall. 

[0009] The government is highly regulating emissions into the atmosphere from - 
vessels heated by combustion. In particular emissions from exhaust stacks from heat exchangers 
or boilers are required to have a low content of CO and NOX. 

[0010] Atmospheric burners have high pressure (psi) gas orifices that entrain 
atmospheric air into the gas stream in order to get the fire started. Then the exhaust stack draft 
dominates to draw in the balance of the air passing through the boiler. How much air is drawn in is 
not known, but it is a lot more than is normally needed for good combustion, i.e., excess air. 
Regardless of the percentage of excess air used over that required for combustion, the excess air 
causes the boiler to produce an atrocious amount of CO which is very undesirable. 

[0011] Prior art burners have no control over the flames in their burners. All of the 
prior art atmospheric burners and primary forced draft burners with the two valve control system 
cannot be controllable at any set NOX emission number. For instance, the John Zink Company 
markets and guarantees a burner that will only produce 7 parts per million (PPM) NOX. The Zink 
burner will produce such low NOX emissions as long as the controller does not move the valves in 
the system. If the valves move, the system becomes uncalibrated and will no longer return to the 
low 7 PPM NOX. This is true of all two-valve systems because they have no controllability. Also 
if the NOX emissions change, then the CO emissions change and the ratio of air/gas mixture also 
change. 
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[0012] To lower NOX, prior art burners have attempted to use excess air, which in 
turn lowers the maximum flame temperature. However, when the prior art burners increase excess 
air, the NOX emissions come down but the CO emissions increase. 

[0013] All of the atmospheric burners and the forced draft burners have long blue 
flames. Blue fires are in the ultra violet light range and therefore are very pool emitters of radiant 
heat. 

[0014] Still further the long flames of prior art burners start getting erratic at about 
30 PPM NOX and very few will reduce the NOX down to 20 PPM. The flames have been known 
to get so erratic at sub 30 PPM that the U. V. (ultra-violet) flame scanner will lose sight of the flame 
and shut down the burner. 

[0015] Summarizing, the burners presently being used by the boiler industry have 
elongated flames and attempt to control combustion with a two valve system (one on the air and 
one on the gas) which is impossible to control on ratio and is not repeatable. These fires are not 
controllable as they rely on a negative stack draft to operate. They will not operate at positive 
pressure therefore they will not furnish high velocity forced convection heat transfer. They lack 
uniformity and by the nature of the long lazy flames, they cause coking because they cannot burn 
the CO. A negative pressure causes hot spots, uneven heat distribution across tubes, incomplete 
combustion which leaves CO (unburned fuel) in the exhaust emissions. The CO cools the tubes 
and causes soot or coke on the tubes. Soot also interferes with heat transfer. A stack draft also 
loses some of its pulling power at the higher firing rates when things are hotter; this is when more 
negative draft is required. 

[0016] The advent of forced draft burners, using combustion air blowers, resulted 
in a vast improvement in BTU's per hour per cubic foot combustion space. This was made 
possible by improved air-gas mixing. These forced draft burners, however, still require a stack 
draft of 2" to 4" w.c. and still produce long uncontrolled flames but shorter with faster burns than 
atmospheric burners. Normally the forced draft burners operate best with 8" w.c. air pressure or 
less. They still have no control of their flames. 

[0017] Area or refractory lined combustion blocks may be required by some firing 
rates (BTUH per cubic foot) or design requirements. 
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[0018] My prior art U.S. Patents 4,309,165; 4,410,308; and 4,556,386, hereby 
incorporated herein by reference, disclose a diffuser head which is angled to the outside at a lesser 
angle than a flat surface. Such diffusers are made of low carbon steel that perform quite well, 10 
years plus service life. The prior art diffuser head tends toward a blue flame and extends in length 
at the higher excess air flow rates. These prior art patents have a higher flame temperature and rely 
upon radiant heat rather than forced convection. 

[0019] The present invention overcomes the deficiencies of the prior art. 

SUMMARY OF THE INVENTION 

[0020] A high velocity pressure burner system burns air and gas thereby creating a flue 
gas. The system comprises a blower for pressurizing the air; a control for adjusting the pressure of 
the pressurized air; a combustion chamber having a flue gas outlet; and a burner disposed on the 
combustion chamber. The burner includes an air orifice for receiving the pressurized air; a gas 
orifice for receiving the gas; the air orifice causing the pressured air to flow over the gas orifice to 
form an air/gas mixture; at least one spinner vane disposed upstream of the gas orifice creating 
turbulence in the air/gas mixture; and a retender disposed downstream of the gas orifice creating 
turbulence in the air/gas mixture. The flue gas outlet is sized to create a back pressure on the 
burning air/gas mixture. The flue gas from the combustion of the air/gas mixture in the 
combustion chamber increases in velocity as the flue gas passes through the flue gas exit. 

[0021] The combustion system controls are linear because of a proportionator valve gas 
control. This control system will keep the combustion mix in steady proportion of air to gas over 
the entire firing range of the burner. The combustion is repeatable even after adjustment, i.e., 
100% excess air on high fire will be 100% excess air on low fire. The burner of the combustion 
system uses pressure drop across orifices, one on the air and one on the gas, to control the flows of 
air and gas linearly and on the same ratio of air to gas rather than using the prior art mechanical 
valve means that don't work. 

[0022] A V.F.D. (variable frequency drive) AC motor provides superior air control results. 
The V.F.D. motor costs more than the other systems but will eventually pay for itself in electric 
power savings. A proportionator valve is simply a "zero governor" pressure reducing regulator 
with a counter balance spring under the diaphragm. A zero governor takes gas in at some positive 
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pressure and lets it out at atmospheric pressure, i.e., 14.7 psia. By back loading the top of the 
diaphragm of the proportionator valve with the operating air pressure (that being supplied to the air 
orifice), the proportionator valve assumes that this is a new atmospheric pressure. The 
proportionator valve now supplies gas out to its limiting orifices at the identical pressure as the 
operating air pressure. This arrangement makes the gas a slave of the air. If the mix is 10:1 air to 
gas on maximum fire, it will be 10:1 on minimum fire. This is true linear control of gas-air mix 
and is the only control system that will control linearly. This means the emissions will be the same 
in parts per million on high or low fire. The air limiting orifice is built in and not adjustable. The 
gas passes through an adjustable gas limiting orifice, when the gas pressure on the gas limiting 
orifice is reduced; the air flow through the air limiting orifice is also reduced. The same thing 
happens to the gas flow through the gas limiting orifice, since it is receiving gas at the same 
pressure as the air. Hence, there is an automatic linear control of cubic feet per hour air/gas mix. 
The V.F.D. motor on the blower eliminates the need for any type of valve arrangement (butterfly 
or wafer) or register in the air line. 

[0023] The pressure burner is designed and built to operate against a back pressure or 
positive pressure on the downstream side of the fire. This extends the range of control through the 
fire, through the heat transfer, and out the flue gas outlet. A reduced port size in the combustion 
block may or may not be used depending on the BTU's per square foot of combustion required. 
Positive pressure compresses the components of the combustion close together which, along with 
the added turbulence by positive pressure, results in a short compact flame. Positive pressure also 
results in the entire metal tube surface of the boiler having hot gases scrubbed across it. This 
results in increased forced convection heat transfer along with uniformity. Even with the reduced 
temperature in the flue gas lowering the radiant heat transfer rate, significant heat transfer is not 
lost due to the refractory insulation being in closer proximity to the tubes. 

[0024] The pressure combustion system is designed to burn air-gas mix with +2 to 4" 
water column (w.c.) pressure on the flame, i.e., back pressure. The burner will not burn back (or 
flame back) causing soot (or coking) at the gas injection orifices which will result in cessation of 
gas flow through orifices. Back pressure on the flame in the combustion area or refractory lined 
combustion block may be required by some firing rates (BTUH per cubic foot) or other design 
requirements. 
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[0025] To date, no inexpensive system for increasing the heat flux through the tubes of a 
heat exchanger has been suggested that operates with a low pressure drop. The present invention 
overcomes the deficiencies of the prior art through the use of a burner operating at a positive 
pressure on the fire and furnishing high velocity forced convection heat transfer. 

[0026] Good combustion requires time, temperature, and turbulence. Time is typically 
considered to be the most important and turbulence the least important. Their priority needs to be 
rearranged. Turbulence should be the most important because it dictates time and temperature for 
combustion. The burner is designed to exert maximum turbulence in the fire which drastically 
reduces time and space required to attain clean complete combustion. 

[0027] Various turbulence means are provided in the present invention including the 
aspirating means, spinner vanes and a retender. 

[0028] The aspirating means includes an air venturi which pulls a partial vacuum on the 
gas, which makes the gas a slave of the air and is automatically maintained at the same pressure as 
the air by a proportionator valve. The air venturi gives a micro mix of gas in the air stream and the 
upstream side of the retender completes the almost instantaneous micro mixing while causing 
maximum turbulence in the flame. Thus, the burner achieves a micro mix of the air and gas 
flowing out of the venturi. 

[0029] The burner includes spinner vanes on the gas manifold upstream of the gas orifices 
to aid and increase the rate of spin that is provided naturally by the air flow. Spinner vanes are 
used on the blower air passing through the air venturi-orifice. The spinner vanes on the upstream 
side of the gas orifices further flatten and shorten the flame. The increased spin of the air gives an 
increased turbulent mix. The spinner vanes assist the spin of the air through the air-orifice-venturi 
which helps the mixing of the air-gas and adds turbulence. 

[0030] The burner includes a flame retention head called a retender. The retender aids in 
slowing or stopping the forward thrust of the mix stream exiting the venturi mixer, and adding 
turbulence to the combustible mix. The retender surface is at a right angle to flow of air/gas mix 
and functions perfectly in conjunction with the spin exerted on the air/gas mix by air spinner vanes 
to further enhance turbulence, speed up burn and shorten flame. The retender is flat on the 
backside and is large in diameter. The turbulent mix deflects off the flat side of the retender, 
further flattening the flame pattern. The retender is fabricated of a high nickel content alloy, such 
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as RA 310 or Inconel, to withstand the added operating temperature of about 2,000 plus degrees F. 
and not oxidize away too rapidly. 

[0031] The retender on the burner along with the air spinner vanes not only allows a short 
flame at 100% excess air in the combustion mix but they also prevent any combustion block or 
boiler pressure from access to gas orifices in the venturi. Any positive pressure on these gas 
orifices will result in gas flow stoppage from the proportionator valve. 

[0032] The turbulence results in a short compact flame that increases the number of BTUs 
per cubic foot of combustion space. The proper sizing and positioning of the retender causes the 
air-gas mix to deflect off the upstream side of the retender head into the main stream thus creating 
added turbulence thereby creating a stable flame. The burner creates maximum turbulence in the 
fire. Hence, a 100% combustion of hydro-carbon fuel and oxygen in the air occurs many times 
faster than prior art burners. 

[0033] All of this results in shorter smaller combustion blocks or space requirements. The 
fires are always bright clear and an excellent emitter of radiant heat. The retender working in 
conjunction with the spinner vanes result in maintaining the bright clear, short fire at the increased 
excess air flow rates. This results in a clear flame of less than 8" long burning clean at increased 
BTUs per hour per sq. ft. of area. 

[0034] The burner normally has a clear fire which is an excellent source of radiant heat 
flux. By pressurizing the vessels, pounds of air are added per cubic foot from which to furnish 
forced convection heat transfer. 

[0035] The flames of the present invention is always 100% controlled and thus the system 
always has control of the flue gas. There is also control of the heat transfer to tube walls. The 
control system is linear and will always maintain the NOX PPM, the CO and the air/gas ratio at 
any firing rate. Keeping the air/gas ratio the same at every firing rate keeps the other numbers the 
same. The present system is the only one that will do this. 

[0036] The high velocity pressure burner system is disposed on a vessel for heating the 
vessel such as a boiler. The boiler includes an exhaust stack sized to maintain a back pressure on 
the flue gas passing through the boiler. The combustion system of the present invention is 
designed to operate with a positive pressure on the flame to produce hot combustion gases that pass 
through a vessel and out the exhaust stack. The high velocity pressure burner system is operated 
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with excess air in the fire in order to reduce carbon monoxide (CO) in the stack emissions. The 
excess air reduces the temperature enough to also reduce "thermal NOX". Thus the system is 
designed to lower objectionable emissions by the simplest and less costly means, while the burner 
maintains the ultimate energy efficiency and the ultimate in heat transfers. 

[0037] The exhaust stack I.D. is sized to normally maintain about 2 to 4 inches water 
column pressure in the boiler (steam generator) or petro-chemical process vessel. This pressure 
ensures that every inch of tube is in contact with the heated combustion gases. By proper sizing of 
the exhaust stack, high velocity hot combustion gases, normally less than 200 FPS per second, 
transfers heat by forced convection heat transfer to every square foot of tube surface. The object is 
to maximize the BTU's per hour per square foot of tube surface at lower than maximum 
combustion (flame) temperatures. 

[0038] The present invention uses excess air through the burner in order to lower the 
maximum flame temperature and eliminate virtually all of the CO and NOX from the exhaust 
emissions. The hotter the flame, the more NOX emissions that passes through the exhaust stack. 
In order to reduce NOX emissions from the fired vessel (tube system, boilers, etc.), the initial 
flame temperature is kept cool enough so as not to produce thermal NOX. All of the burn takes 
place before anything touches a cold metal surface and by burning all the carbon monoxide, none 
of the tube walls ever coke up. This provides an excellent source of forced convection heat 
transfer. 

[0039] The present invention produces 0 (zero) PPM CO exhaust emissions by using 6% 
or more excess air. Further, all hot spots are eliminated from the vessels and all soot (coke) build 
up is totally eliminated due to the elimination of all CO. By passing 100% excess air through the 
burner, and providing a maximum flame temperature of about 2,200°F., the CO is eliminated and 
the NOX emissions are lowered to less than 10 PPM of NOX. 

[0040] A further source of supplemental dilution air may be included at a point 
downstream of the combustion area and flame. Whether such additional air is used will depend 
upon the requirements of each individual unit. 

[0041] The flame of the present invention is steady and stable at sub 10 PPM NOX. The 
U.V. scanner always sees fire and never shuts down. 
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[0042] At the reduced temperature, the vessel is then heated by high velocity forced 
convection heat transfer maintaining the velocity of the flue gas throught the vessl at a velocity 
which is compatible with the design of the vessel. There is always some amount of radiant heat 
involved with flames and flue gas. This invention lowers this radiation to the point of 
manageability with the high velocity forced convection heat flux to tubes. 

[0043] By maximizing the heat flux from the flue gas to tube wall, the retention time of the 
fluid passing through the tubes is minimized. Also by using smaller tubes in the boiler, retention 
time of the fluid in tubes is further reduced and minimizes the time required to heat the fluid. 
Water is an almost perfect conductor for the transfer of BTU's. When the diameter of the tubes is 
minimized, the amount of water passing through the tubes to be heated is reduced and heat only 
need be conducted across a thin cross section of water. A column of water only 1 mm in cross- 
section is heated much faster than a column of water one foot thick. Thus, using smaller tubes not 
only reduces the cross section of the column of water to be heated but smaller tubes also provides 
more square feet of tube per pound of fluid processed. However, there is a lower limit to the size 
of the tubes. For example the particles in the water tend to drop out in smaller tubes and collect on 
the inside of the tubes if the tubes are too small. 

[0044] Increased heat flux to tubes plus reduced retention time on fluids not only reduces 
the cost of the units but also saves floor space, saves fuel and reduces maintenance cost. The 
present invention reduces the time it takes to heat fluids by as much as 90% compared to prior art 
units. 

[0045] The exhaust stack temperatures are lower and normally less pounds per hour of 
heated air are exhausted than the prior art. Further there is increased heat transfer per square foot 
of tube surface. The present invention also allows the gases to be exhausted at a much lower 
temperature without causing condensation in exhaust stack. 

[0046] To attain maximum high velocity forced convection heat transfer to tubes, lower the 
exhaust gas temperature, and minimize fluid retention time, the fluid preferably flows in the 
opposite direction of the gas. Cold fluid has to be introduced to boiler at the end the gases are 
exhausted. The combustion of positive pressure gas, excess air and cold fluid in results in reduced 
temperature of exhaust gases without condensation. This saves fuel. 
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[0047] In a fire tube boiler, the heat transferred to the furnace tube is increased 
substantially (as a percentage of the total fire tube boiler heat requirement). The efficiency will 
always be about 90% or more compared to an industry average of about 80% or less. 

[0048] The method of the present invention uses the combustion of hydro-carbon fuel and 
tempering air to create high velocity forced convection heat transfer temperatures to metal tube 
walls that do not cause excessive deterioration of metal. This is accomplished with a linear, 
repeatable control system that also results in the low controlled NOX emissions while burning 
100% of the CO. The invention also shortens the retention time of the fluids being processed 
resulting in smaller (at least 50% reduction in size, up to 90% reduction is entirely possible and 
does occur at times) resulting in smaller, lighter weight units which are less costly in capital outlay, 
save fuel, save down time and maintenance cost and plant floor space. This invention simply 
works better than the prior art. 

[0049] This pressure burner is primarily designed for vessels having tube systems, i.e., 
petro-chemical process heaters and commercial-industrial boilers, where a high rate of heat release 
in BTUs per hour, per sq. ft. is required. The system is applicable to fire tube or water tube boilers. 
The system is not limited to these tube systems only and has a broad range of capability and 
practical adaptability. 

[0050] The combustion system improves controllability, improves efficiency, improves 
heat transfer, improves safety and reduces emissions to the atmosphere such as NOX and CO. The 
combustion system also reduces the retention time of the product being heated. 

[0051] Other objects and advantages of the invention will appear from the following 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] For a detailed description of a preferred embodiment of the invention, reference 
will now be made to the accompanying drawings wherein: 

[0053] Figure 1 is an elevational, partially in schematic, of a high velocity pressure burner 
system in accordance with a preferred embodiment of the present invention; 

[0054] Figure 2 is an enlarged view, partly in cross-section, of the high velocity pressure 
burner of the high velocity pressure burner system shown in Figure 1; 
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[0055] Figure 3 is an enlarged view, partly in cross-section, of a vessel used with the high 
velocity pressure burner system shown in Figure 1; 

[0056] Figure 4 is a schematic of a contra flow heat flux (transfer) system using the high 
velocity pressure burner of Figures 1 and 2, i.e., a smaller combustion area, increased velocity, and 
an increased forced convection heat flux; 

[0057] Figures 5A and 5B show the high velocity pressure burner system of Figure 1 
combustion with multiple burners being controlled by a common control system, the burners being 
in a generally circular configuration with the addition of dilution air and supplemental air orifices. 

[0058] Figure 6 shows the high velocity pressure burner system of Figure 1 combustion 
with multiple burners being controlled by a common control system, the burners being in a 
generally linear configuration with the addition of dilution air and supplemental air orifices; 

[0059] Figure 7 is an elevation view, partially in cross-section, of a vessel with multiple 
burners mounted thereon for heating fluids passing through the vessel. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0060] Referring initially to Figures 1 and 2, there is shown a high velocity pressure burner 
system 10 with a combustion chamber 12, a pressure burner 14, and an air/fuel control system 16. 
Referring particularly to Figure 1, the control system 16 generally includes an air supply 18, an air 
control butterfly valve 20 with a modulating control motor 22, an air blower 24, and an air line 26. 
The control system 16 further includes a fuel supply 28, one or more fuel cutoff valves 30, a gas 
proportionator valve or regulator 32, a gas line 34, a limiting orifice gas control valve 36, and a gas 
outlet line 38. The proportionator valve 32 is controlled by operating air pressure via air line 40. 

[0061] The National Fire Protection Association and Industrial Reassurance Insurers set 
the industry standards for valves 30. 

[0062] Induced gas recirculation (IGR) and forced gas recirculation (FGR) may be added 
to improve efficiency. Air from the exhaust stack is used as combustion air. This recirculation 
may help fuel consumption. In other words it replaces ambient air with 200° air. One must be 
careful with flue gas recirculation and 100% of the air should not be replaced with recirculated 
flue gas. This causes trouble with the fire. 
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[0063] Referring particularly now to Figure 2, the high velocity pressure burner 14 
includes an air manifold 42, a gas manifold or pipe 44, an aspirating means or gas control orifices 
46 in gas pipe 44, a retender 48, and a plurality of spinner vanes 50. The burner 14 is housed in a 
housing 52 which is divided into the air plenum 42 and a refractory section 54 by means of a 
separator plate 56. 

[0064] Air manifold 52 is rectangularly shaped and houses gas pipe 44, an upper cover 
plate, rectangular sides, and an air chamber 58. Bottom separator plate 56 includes an aperture for 
receiving a mixture housing 62 forming an air-gas mixing chamber 60 with gas pipe 44. The upper . 
cover plate serves both as a cover for the top of the air manifold 42 and a bottom for refractory 
section 54. Refractory section 54 may be rectangularly shaped to conform with air manifold 42 
and includes rectangular sides. Refractory section 56 is packed with refractory 64. 

[0065] The combustion chamber 12 includes a generally rectangular chamber with a flue 
gas exhaust port 66. The chamber 12 communicates with the open end 66 of air gas mixture 
chamber 60 so as to communicate with the burner 14. The open end of flue gas exhaust port 66 
forms a flue gas exit into the vessel for heating. The flue gas exhaust port 66 may be narrowed to 
increase the velocity of the flue gas as it passes through the open end of flue gas exhaust port 66. 

Combustion chamber 12 is molded by injecting refractory 68 into a mold and ram packing the 

— i 

refractory 68 into the mold. The refractory for system 10 may be Jade-Pak manufactured by A. P. 
Green. The cubic volume of space required for combustion chamber 12 is reduced since the burner 
system 10 is operated with a back pressure, and thus, only a very small space is required to achieve 
a maximum intense flame. This increases the number of available BTU's. 

[0066] Gas pipe 44 is threadingly connected to outlet gas pipe 38 shown in Figure L The 
other end 45 of gas pipe 44 extends through mixture housing 62 to form annular air-gas mixture 
chamber 60. Gas pipe 44 has sufficient length to extend from the outside of air manifold 42 
through air chamber 58 and mixture housing 62 in refractory section 54 so as to permit retender 70 
to be housed in combustion chamber 12. 

[0067] Various turbulence means are provided. The aspirating means or the air and gas 
control orifices provide turbulence and include gas outlet ports azimuthally spaced around the 
periphery of gas pipe 44 within air-gas mixture chamber 60. Gas control orifices 46 are sized in 
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relation to flue gas exhaust port 66 to provide a predetermined amount of gas and air flowing 
through air-gas mixture chamber 60. 

[0068] A plurality of spinner vanes 50 are azimuthally disposed around the end of gas pipe 

44 on the side of gas control orifices 46 opposite retender 70. There are preferably six spinner 
vanes at a 15° angle to the flow of the air. The spinner vanes are straight. The spinner vanes are 
particularly useful when excess air is used to prevent the formation of a blue flame or a flame that 
extends outside the combustion block. The spinner vanes 50 are upstream of the gas orifices 46 
because the lower velocity of the air gas mixture at the end of the gas pipe 44 allows the flame to 
burn back into the air orifice. The spinner vanes 50 are located above the gas orifices 46 where 
there is a higher velocity of the air gas mixture. There is a minimal pressure drop in the range of 
zero to one-tenth of an inch water column across the spinner vanes 50 and there would be a greater 
pressure drop if the spinner vanes were to be located downstream of the gas orifices 46. The 
spinner vanes 50 provide sufficient turbulence to avoid the blue flame and to maintain the flame 
inside the combustion block. 

[0069] The retender 48 is downstream of the gas orifices 46 and includes a circular plate or 
head mounted on one end of a shaft 72 with the other end of shaft 72 plugging and closing the end 

45 of gas pipe 44. The diameter of the head on the retender 48 is maximized and is larger than the 
diffuser shown in the prior art. The diameter of the retender 48 is slidingly received through the ED 
of the mixture housing 62. The retender is approximately four times the area of the air orifice. 
Initially the retender shaft 72 has the same outside diameter as the gas pipe 44. The end of the 
shaft 72 is turned down to form a shoulder with the reduced diameter end portion being slidingly 
received within the inside diameter of the gas pipe 44. The lower terminal end of the gas pipe 44 
engages the shoulder and the shaft 72 is then welded to the gas pipe 44 at the shoulder. A reduced 
diameter or transition radius portion 74 is then formed around the lower end of the gas pipe 44 and 
the upper end of the shaft 72 beginning at the mid point of the gas orifice 46 and extends towards 
the retender head to a radius 75 where the shaft 72 engages the head of the retender 48. 

[0070] In one embodiment, the reduced diameter is approximately 1/16* of an inch smaller 
than the 2-3/8 inch outside diameter of the gas pipe 44. The radius 75 is approximately Va inch. 
The retender 78 projects approximately 1-1/4 inch into the combustion chamber 12. 
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[0071] It is important to have the gas control orifices 46 large enough to permit free flow 
of the flue gas out of flue gas exit port 66. Although the area of gas outlet ports of gas control 
orifices 46 must have some minimum size to assure the exiting of flue gas, the flow of the gas 
through the system may be regulated by limiting orifice 36 or by a limiting orifice needle valve 
(not shown) to prevent the sizing of gas control orifices 46 from becoming critical. 

[0072] Gas pipe 44, air/gas control orifices 46, and air manifold 42 are all air tight to 
prevent any mixture of the gas with the combustion air prior to mixing an air-gas mixture chamber 
60. By preventing any premature mixture of the gas with air, there can be no backfire or burn back 
since there is no oxygen for the gas to burn. 

[0073] The air and gas from supply lines 26 and 38, respectively, enter at ambient and are 
subsequently elevated to a temperature upon combustion at retender 70. With such an elevation in 
temperature, it is necessary that the gas be permitted to expand in combustion chamber 12 since at 
any given pressure, one can only burn so much air/gas mixture in a given cubic volume of area in a 
combustion chamber. Thus, the cross-sectional area of the narrowest part of flue gas exhaust port 
66 must be at least 8 times greater than the cross-sectional area of the annular area forming air/gas 
mixture chamber 60. The resulting flue gas from combustion may be choked down by flue gas 
exhaust port 66 to increase the velocity of the exiting flue gas and to create a back pressure on 
burner 14. This choking effect creates a substantial velocity of the exiting flue gas to permit forced 
convection heating in the vessel. 

[0074] In one embodiment, the air blower 25 pressurizes the air to approximately 2 psi. 
Since the velocity of gas flow through gas control orifices 46 is directly proportional to the 
pressure on the gas caused by the aspiration effect of aspiration means, a change in air pressure 
will cause a corresponding change in the gas pressure for mixing purposes in burner 14. Since the 
velocity is directly proportional to the air pressure in air manifold 42, it is only necessary to control 
the air pressure to also adjust flue gas velocity and the pressure in combustion chamber 12. With 
the gas being a slave to the air, the air pressure will also control the gas pressure. Thus, the system 
is completely responsive to the air pressure placed on the system by blower 24. Thus, control 
system 16 sets the ratio of gas to air in burner 14. The burner may operate at an air pressure 
between 2/10ths and 56 inches of water column. 
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[0075] The control diameter of the air orifice depends upon the turn down range of the 
system. For example, if the turn down range is 20 to 1, the annular area through the air orifice 
must be sized so as to allow air flow within that turn down range. A 5 inch ID of the air orifice 
housing 62 will allow such a turn down range in the present invention. 

[0076] With a back pressure in combustion chamber 12, a 2 psi air pressure will cause the 
flue gas to have a velocity of 500 feet per second through flue gas exhaust port 66. There is an 
especially good mixture of gas with air using spinner vanes 50 and retender 70 to increase 
turbulence, back pressure and high velocity, to permit burner 14 to provide substantial heat due to 
the increased air pressure which achieves flue gas velocities in excess of 200 feet per second. The 
use of the air enslaving the gas keeps the flame on the combustion side of separator plate 56 from 
overheating. 

[0077] To achieve maximum efficiency of burner 14, the air/gas mixture is placed in 
turbulent flow around retender 70 and spinner vanes 50. Such turbulence enhances the mixture of 
the gas and air and is created by the air and gas trying to rush back into the middle of the ports of 
gas control orifices 46 to fill voids. Retender 70 maintains pressure on the air/gas mixture for a 
short distance after the air/gas mixture passes gas control orifices 46. An increase in the flue gas 
velocity due to an increase in air pressure will increase the turbulence within gas control orifices 46 
which assists the efficiency of the burner. 

[0078] The flame preferably ignites at the periphery of the retender 48. At high fire, the 
flame ignites just off the periphery of the retender 48. At low fire, the flame ignites along the 
diameter portion, but a low fire with fewer BTUs does not cause damage to the burner. Preferably 
the flame is ignited at the periphery of retender 70 and engulfs combustion chamber 12. The 
burning of the gas/air mixture by the flame creates the flue gas. In the embodiment shown, the air 
and gas have a pressure of 2 psi creating a flue gas velocity through flue gas exhaust port 66 of 
approximately 500 feet per second. This velocity of the flue gas creates a back pressure in 
chamber 12 of approximately 8 inches water column. 

[0079] The present invention is a short fire burner. With a 2 pound air blower, the flame is 
approximately 8 inches long. 
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[0080] With the back pressure placed on the burner, the back pressure then creates high 
velocity in the flue gas. This not only increases the flue gas velocity in the combustion block but 
also increases the flue gas velocity in the boiler. 

[0081] In operation, the combustion air may be controlled by V.F.D. motor which would 
eliminate B.V. and MOD motor (air enters the blower 24 via air control butterfly valve 20 with 
modulating control motor 22). The air is then compressed by the fan or blower 24 to some positive 
pressure usually in inches or water column (w.c). The combustion air then passes through air pipe 
26 into air plenum 42 in which it collects a few degrees of preheat from refractory 54 that passes 
through the refractory and burner mounting plate 56 by conduction heat transfer. The pressure of 
the preheated air forces the air into the annular aperture or air orifice 78 around gas pipe 44 and 
into air-gas mixture chamber 60. The preheated air passes across the spinner vanes 50 and then 
passes into the venturi area where the venturi creates a partial vacuum on the gas orifices 46. 

[0082] The fuel, such as natural gas, enters the gas pipe 33, passes through N.F.P.A. and 
I.R.I, approved safety shut-off gas valves 30, to gas proportionator valve 32 at some pressure 
above operating air pressure. The proportionator valve 32 is controlled by the operating air 
pressure via air line 40. The proportionator valve 32 passes the gas out at the same pressure as the 
operating air pressure. The gas proceeds via gas feed pipe 34 to gas limiting orifice valve 36 then 
via outlet gas pipe 38 to burner gas feed pipe 44. The gas flowing through gas pipe 44 is preheated 
by heat transfer from gas pipe 44 by conduction. The gas flows through the gas control orifices 46 
where it is entrained due to the partial vacuum caused by the 400 feet per second plus velocity of 
the air passing across orifices 46 and thus into the stream of air passing through the annular 
passageway 78 formed by gas pipe 44 within housing 62. 

[0083] Spinner vanes 50 create turbulence in the air and gas causing the gas to become 
entrained into the air and a slave to the air as the air passes through the air orifice 78 formed by 
chamber 60 and then past retender 70 formed by transition radius 74, radius 75 and the periphery 
of the retender 70. The air-gas mixes in chamber 60 before exiting to the combustion area, thence 
becoming the combustion mix as it passes through the venturi exit. 30 to 40% of the combustion 
mix is bounced off the flat upstream side of the retender 48 into the balance of the combustible mix 
exiting venturi. The retender 48 causes additional turbulence in the mix as well as flattens the 
direction of travel of the mix. The mix exits the retender 48 zone micro mixed and highly 
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turbulent with the same spin, clock-wise when viewed from upstream side, as the spinner vanes 50 
rotate the air. These create turbulence in the air/gas mixture and cause the mixture to leave the 
burner in a fan-shaped pattern where it is burned by the flame. The area of the circle increases 
rapidly as the mix travels across an ever increasing distance thus slowing the velocity quite rapidly 
of the combustion mix. The added turbulence exerted into mix by retender 48 plus that already 
there from spinner vanes 50 plus that which a positive pressure on the fire adds results in a short, 
about 6" long, compact luminous flame which appears clear to the human eye. 

[0084] Once combustion is complete in the refractory lined combustion block 68, it 
becomes hot flue gas which has to exit through flue gas exhaust port 66. The sizing of this exhaust 
port is used to create positive pressure in the combustion chamber 12. Usually about 2" water 
column is adequate to accomplish uniform complete combustion and temperature control. This 
reduced port size, i.e., square inch area, will also give an exit velocity usually of 100 to 500 feet per 
second. 

[0085] The sizing of burner components is dependent upon the desired flame temperature. 
If the burner is operated at stoichiometric, the flame temperature will exceed 3000°F and will 
generate substantial radiant heat transfer. The flame temperature may reach 3500°F. See U.S. 
provisional application Serial No. 60/455,383, filed March 17, 2003 and entitled Pressure 
Combustion System, hereby incorporated herein by reference. The provisional application was 
directed to a higher temperature burner relying principally upon radiant heat transfer. 

[0086] When a radiant heat source is doubled, the radiant heat flux is increased by T1-T2 
absolute temperature difference to the fourth power. For example, assuming Tl is 1,600° + 800 
degrees (50% increase) to 2,400 degrees T2, it increases the radiant heat transfer to receiver 83,700 
BTUH or about three times more. Higher Tl temperatures equal increased radiant heat flux to 
tubes from flue gas. 

[0087] The sizing of burner components is also dependent upon the desired range of turn 
down. Turn down range is the range of high fire to low fire of the burner. The range of BTU's 
produced by the burner is set by the air pressure. At high fire, the maximum air pressure is used to 
maximize the amount of BTUs produced by the burner, while at low fire, the minimum air pressure 
is used to minimize the amount of BTU's being produced. The turn down range operates at the 
same temperature. For example, if the customer wants a 10 to 1 turn down range, then a certain 
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maximum amount of air pressure is required of blower 26. If only a 4 to 1 turn down is desired, 
then less air pressure is required. 

[0088] It should be appreciated that the high velocity pressure burner system 10 may be 
used for heating with respect to any particular vessel. In one preferred embodiment, the vessel is a 
boiler, such as a fire tube boiler or water tube boiler. It should also be appreciated that the vessel 
may be a heat exchanger. 

[0089] Referring now to Figure 3, the high velocity pressure burner system 10 is shown in 
combination with a boiler 80. Boiler 80 includes a housing 82 forming a chamber 84. Housing 80 
includes an upper end 86 with the lower end being formed by burner system 10. The housing 82 is 
lined with refractory 88. The housing 82 of boiler 80 includes a fluid inlet 90 and a fluid outlet 92. 
Fluid inlet 90 is in flow communication with a plurality of tubes 94 which in turn communicate 
with fluid outlet 92. It should be appreciated that the tubes may have any of a number of 
configurations such as coiled, straight, a combination thereof or some other configuration. Coiled 
tubes may be preferred because of the expansion of the tubes. A fluid, such as water or other 
petrochemical, may flow through inlet 90 and through the tubular bore of tubes 94 so as to then 
exit fluid outlet 92. It should be appreciated that the temperature of the fluid at inlet 90 is less than 
the temperature of the fluid exiting fluid outlet 92 due to the heat exchange occurring with hot flue 
gases in chamber 84. An exhaust stack 100 adjacent the inlet end allows the flue gases to exhaust 
to the atmosphere. 

[0090] The inside diameter (ID) of the boiler 80 is preferentially sized as well as the size of 
the tubes in the boiler and the exhaust stack size. It is important that the exhaust stack 100 
maintains some positive pressure on the exiting flue gases such as at least 2/10* of an inch water 
column. This positive pressure is enough to cause the flue gases to completely fill the inside of the 
boiler 80. There is a pressure drop out the exhaust port 66 of the combustion chamber 12 
providing the back pressure on the flame. There is another back pressure applied by the sizing of 
the exhaust stack 100. This back pressure occurs inside the boiler 80. 

[0091] The velocity of the flue gases through the exhaust port 66 of the combustion 
chamber 12 depends upon the pressure in the boiler and the air pressure in the burner. The exhaust 
stack 100 is approximately V* the size of the ED of the boiler 80. There is a pressure drop through 
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the boiler 80. The pressure drop of the flue gases through the boiler 80 must be taken into account 
in sizing the exhaust port 66 of the combustion chamber 12. 

[0092] There is no relationship between the size of the exhaust port 66 and the ID of the 
boiler 80. It is dependent upon the number of BTU's being provided by the burner. The amount of 
excess air in the fire itself is also important. 

[0093] One objective of the present invention is to achieve low NOX and CO in the 
emissions from the exhaust stack 100 of the boiler 80. To reduce the NOX and CO, it is necessary 
to use excess air. NOX emissions vary with BTU per hour (BTUH) heat release, furnace tube size 
and percent (%) excess air. However in using excess air, the flame temperature of the burner must 
be reduced. Providing excess air for the burner combustion, eliminates the CO and lowers the 
NOX generated out the exhaust stack 100. At 100% excess air, the burner is operating with twice 
as much air as required to burn the gas, i.e. stoichiometric. At 100% excess air, the temperature 
of the burner is approximately 2,200°F. and there will be fewer than 10 PPM of NOX exiting the 
exhaust stack 100. If the burner is operated at 50% excess air, the temperature of the burner will be 
2,750°F and the NOX exiting the exhaust stack 100 will be less than 20 PPM. At 80% excess air, 
6 PPM of NOX are produced and zero CO. Such a system in the present invention preferably 
operates between 50% and 100% excess air. 

[0094] However, the burner cannot operate at a temperature of 3,5O0°F and achieve low 
NOX and CO because the excess air lowers the burner temperature. Excess air makes it necessary 
to operate the burner at a lower temperature, such as 2,200°F, to achieve low NOX and no CO. 

[0095] If the burner were to operate at stoichiometric, then the temperature produced by 
the burner would be 3,500°F. When the temperature drops from 3,500°F to 2,200°F, the 
constituents which assist with heating by radiation drop and therefore heating by radiant heat is 
reduced substantially in reducing the temperature. Radiant heat transfer is increased by the fourth 
power when the temperature is doubled. The greater the temperature, the greater exponetial return 
of radiant heat transfer. When the temperature is reduced from 3,500°F to 2,200°F, the radiant 
heat transfer is substantially lost and has to be made up by forced convection heat transfer. This 
required an increase in flue gas velocity. 

[0096] To achieve low NOX, the flame temperature must be lowered. Higher temperatures 
will cause the formation of thermal NOX. The lower temperature lowers the formation of NOX. 
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Because the temperature is now lower, the principal heating must be forced convection heat 
transfer rather than radiant heat. Radiant heat is proided at higher flame temperatures. 

[0097] The lower temperature effectively eliminates the radiant heat transfer achievable 
from higher burner temperatures (in excess of 3000 °F). If NOX were not an issue, then the higher 
temperature with radiant heat transfer would be preferred. Thus, it becomes necessary to rely upon 
high velocity forced convection heat transfer and not radiant heat transfer to heat the tubes in the 
boiler 80. Every time the velocity of the flue gas is doubled, the heat transfer is increasedby 50%. 
This is at the same temperature. If the temperature can be raised without unduly increasing the 
production of NOX, then the heat transfer is greater than 50% upon doubling flue gas velocity. 
The radiant heat transfer at 2,200°F is minimal and only provides a safety factor. The high 
velocity forced convection heat transfer is dependent upon the velocity of the flue gases passing 
across the tubes in the boiler 80. Thus another objective is to achieve high velocity flue gas in the 
boiler 80 and thus a high velocity forced convection heat transfer. 

[0098] It doesn't make any difference whether the tubes in the boiler are coiled, straight or 
at an angle with respect to heat transfer. The key parameter is the square feet of area of tube 
surface. Heat transfer is dependent upon the square foot tube area per degree of temperature per 
feet per second flue gas velocity. Thus, in the present invention, the flue gas heats the boiler tubes 
by high velocity forced convection and radiation is only secondarily used because of the reduction 
in temperature of the flame. 

[0099] As long as there is 6% excess air or more, zero CO will be produced by the burner. 
Anything below 6% excess air will produce CO. This is CO in the exhaust stack 100. Prior art 
burners have a longer flame at these lower temperatures and are unable to burn the CO. 

[00100] The sizing of burner components is also dependent upon how much excess air is 
used and that is dependent upon how many PPM of NOX one desires to allow through the exhaust 
stack 100. The ports are typically sized for a 4 inch water column of pressure at the exhaust stack 
100 and then are sized relative to the air pressure and turn down. 

[00101] The delta P at the air orifice is important. If the air orifice is sized to handle 4 
inches of water column, and if the back pressure at the exhaust port is 6 to 8 inches of water 
column, then the air pressure is reduced. 
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[00102] Most boilers operate at less than a 10 to 1 turn down and preferably a 4 to 1 turn 
down. At a 10 to 1 turn down, in one embodiment, 1-1/2 pounds of air with a 42 inch water 
column with a 2 inch gas pipe having a 2-3/8 inch OD will pass through the air orifice. 

[00103] The controller on the BFD motor controls the turn down. The design of the boiler 
dictates the amount of forced convection heat transfer which can be applied to the tubes in the 
boiler. The larger the ID of the boiler, the greater the velocity of the flue gases leaving the 
combustion chamber may be to maximum forced convection heat transfer. The flue gases have a 
velocity of between 200 and 500 feet per second leaving the flue gas ehaust port 66 of the 
combustion chamber 12. 

[00104] It is preferred that the flue gases passing through the exhaust stack 100 of the boiler 
80 have positive pressure so as to prevent moisture from building up inside the boiler 80. 
Typically a 2 to 4 inches of water column of the flue gases out of exhaust stack 100 will prevent 
moisture build up. Raising the temperature of the burner can also avoid moisture. 

[00105] After the flue gas passes through the flue gas exhaust port 66 of combustion 
chamber 12 and into the vessel, i.e., the boiler 80, the expanded volume in theboiiler 80 reduces the 
flue gas velocity to approximately 20 to 100 feet per second and more preferably to 20 to 60 feet 
per second. 

[00106] The lower flame temperature adds emphasis to the need for turbulence to prevent 
any burn back of the flame into the air and gas orifices 78, 46. Thus, spinner vanes 50 and the 
large retender 48 are important to the operation of the burner at these lower temperatures. 

[00107] In operation, high velocity pressure burner system 10 produces hot flue gases which 
exit flue gas exhaust port 66 of combustion chamber 12 and into chamber 84 of boiler 80. The hot 
flue gases transfer heat through the walls of metal tubes 94 to heat the fluid flowing through the 
tubular bores of tubes 94. The hot flue gases 98 then exit exhaust stack 100. 

[00108] Referring now to Figure 4, there is shown a contra flow steam generator. It is 
preferred that the flow of the hot flue gases 98 be in a direction opposite to that of the flow of the 
fluid through tubes 94. Figure 4 illustrates such a contra-flow boiler and petro-chemical heat 
system. The cold fluid enters through inlet 90 and exits outlet 92 while the hot flue gases enter 
chamber 84 via flue gas exhaust port 66 and flow in a contra-direction of the fluid and exit exhaust 
stack 100. 
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[00109] Flue gas at 2-4 inches of water column will result in up to 100 feet per second 
velocity for forced convection heat flux increase. Every time the velocity is doubled, the BTUH 
heat flux per sq. ft. will increase by 50% at the same Tl temperature. When the Tl temperature is 
increased at the same time, the radiant heat flux is increased at a much higher rate by the larger 
delta T flue gas to receiver and the forced convection heat flux also increases according to the delta 
T between Tl andT2. 

[00110] A further limiting factor is the lining and refractory lining the inside of the boiler. 
If the flue gases have too high a velocity, the flue gases will damage the refractory. Thus, in most 
refractories, it is necessary to limit the velocity of the flue gases within the boiler to 50 feet per 
second or less. Thus, the flue gases leaving the combustion block at 400 to 500 feet per second 
will reduce the velocity within the boiler to prevent damage of the refractory. The refractory may 
be coated to allow greater velocities of the flue gases through the boiler. 

[00111] The preferred range of velocity through a typical boiler is 20-60 feet per second. 
The velocity may be as high as 100 feet per second. However, to reach the higher velocity, the 
insulation within the boiler would have to be coated or impregnated to avoid damage. Most 
insulation in the boiler is 4 to 8 pounds per cubic feet of insulative fiber. This type of insulation 
will blow apart at velocities in excess of 100 feet per second. 

[00112] The higher the velocity of the flue gases through the boiler, the greater the forced 
convection heat transfer of the flue gases to the fluid flowing through the tubes of the boiler. Thus, 
it is desirable to maximize the flue gas velocity depending upon the design of the inside of the 
boiler. 

[00113] Each boiler includes a pressure monitor (not shown) which monitors the pressure 
within the boiler. This pressure monitor is connected to a control panel (not shown) which in turn 
sends a signal to either the butterfly valve 20 or the BFD motor 22 on the burner so as to adjust the 
air pressure through the burner if the pressure becomes too great. 

[00114] The air pressure may be turned down to reduce the number of BTU's where the 
quantity of steam produced by the boiler needs to be reduced because of less requirement of the 
steam. If the steam is not being used, pressure will tend to build up in the boiler. When this 
pressure build up occurs, the controller on the burner idles back cutting the number of BTU's being 
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produced by the burner and thus reduce the heat transfer to the fluid flowing through the boiler. 
The number of BTU's are turned down when there is less need for the steam. 

[00115] Referring now to Figures 5a and b, it should be appreciated that the high velocity 
pressure burner system of the present invention may include a plurality of burners 14. Smaller 
multiple burner heads controlled as one burner increase flame turbulence, reduce refractory 
required or eliminated. 

[00116] Referring particularly to Figures 5a and 5b, burners 14a-e, generate flue gases 
within combustion chamber 12 with the hot flue gases exiting flue gas exhaust port 66. As best 
shown in Figure 5b, the burners 14a-e may be spaced within a cylindrical air plenum and 
combustion chamber for mounting directly to a boiler or heat exchanger. Flue gas exhaust port 66 
is shown centered within the chamber 12 for the exiting of the hot flue gases. 

[00117] In a typical boiler, the burners are typically located at the end of the furnace tubes. 

[00118] In a typical water tube boiler, the boiler has a 2 foot inside diameter and a 4 foot 
outside diameter and is approximately 20 feet long. The burner may be located on the end of the 
boiler. However, a series of burners may be disposed along the side of the boiler. Each boiler to 
provide a uniform heat transfer, the number of BTU's to be produced would be divided among the 
plurality of burners. 

[00119] The heat transfer that goes down for each foot traveled in the boiler by the flue 

gases. 

[00120] When a plurality of burners are used, one control will control all of the burners. 

[00121] If the flue gases were to exhaust the stack at atmospheric pressure, moisture will 
condense inside the boiler. Therefore, it is desirable to have pressurized exhaust air or flue gas 
passing through the exhaust stack because that pressurized gas will carry more moisture. There are 
fuel savings by blowing the temperature of a gas out of the exhaust stack and so therefore it is 
preferable not to increase the temperature so as to carry more moisture but to place a positive 
pressure on the fuel gas to operate at lower temperature and thus achieve fuel savings. 

[00122] If the boiler were 20 feet long, the burners would be located in the 1 st 10 to 12 feet. 
The flue gas would pass out the inlet end of the boiler to preheat the incoming fluid. 

[00123] In the design of a boiler, the expansion of the tubes must be taken into account. 
Thus, the installation of the tubes within the boiler may be varied to account of the expansion of 
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the tubes. For example, a series of coiled tubes may extend between plates housed and disposed 
within the boiler. 

[00124] As long as the stack has at least two inches of water column, the moisture carried 
by the flue gas will not condense. Four inches of water column might be better. The temperature 
in the exhaust stack may be approximately 200°F and have a positive pressure of 2 to 4 inches 
water column. 

[00125] As distinguished from the embodiments of Figures 5a and 5b, Figure 5c shows a 
plurality of burners 14 disposed linearly within the air plenum and combustion chamber 12. 

[00126] It may be possible to avoid the combustion chamber and use the boiler as the 
combustion chamber with the exhaust stack 100 applying the back pressure to the burner. 

[00127] Dilution air may be required in some cases. Dilution air with or without I.G.R. 
(induced flue gas recirculation or F.G.R. may or may not be furnished air from the combustion air 
blower 24) or it may have a separate dilution air blower (which is not shown in drawings). 

[00128] Referring now to Figure 7, there is shown a boiler 110 having a fluid inlet 112 and 
a fluid outlet 114 communicating with coiled tubing 116 extending through the chamber 118 of 
boiler 1 10. It should be appreciated that chamber 118 may be lined with refractory (not shown). A 
plurality of burners 14 are mounted adjacent the outlet end of boiler 110 for generating flue gas 
120 which exits exhaust stack 122. It can be seen that the flue gases adjacent the outlet end of 
boiler 110 will have a greater temperature than the flue gases which have moved to a location 
adjacent the inlet end of boiler 110. As the hot flue gases travel across the boiler tubes 116, the 
temperature of the flue gases will be reduced. The lower temperature of the flue gases at the inlet 
end will provide a preheat to the cool fluid entering the first portion of boiler 110 from fluid inlet 
112. Thus, the fluids passing through the tubes in the latter half of boiler 110 will have a higher 
temperature and thus be heated to even greater temperatures by the hotter flue gases adjacent the 
outlet end. Such a process permits a greater heating efficiency of the boiler 1 10. 

[00129] The present invention offers many advantages. A combustion system that 
eliminates coking (soot) from all surfaces: reduced down time and maintenance cost; total energy 
savings; reduction in the tons per year of pollutants while saving fuel; reduction in the size and 
capital cost of process heat equipment; saving of plant floor space; burner burns more BTU's out 
of fuel supplied; dramatically increasing turbulence in the flame; makes the heat transfer many 
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times faster; increases radiant heat flux from flue gas to receiver; dramatically increases radiant 
heat transfer to receiver; cleans up CO, a major pollutant to the atmosphere; and system that 
improves safety, will not burn back, flash back or back fire. These advantages can also be 
accomplished on a low temperature high velocity drying systems. 

[00130] While a preferred embodiment of the invention has been shown and described, 
modifications thereof can be made by one skilled in the art without departing from the spirit of the 
invention. 
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